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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention 5

[0001] The present invention concerns a projection

type display apparatus that comprises light source units

comprising cooling means and light emitting units that

include light emitting layers comprising organic EL 10

(electroluminescence) elements, wherein the light emit-

ted from the light emitting units is guided to liquid crystal

panels, and the images displayed on the liquid crystal

panels are enlarged and projected by a lens or lenses.

[0002] The present invention also concerns cooling 15

control technology for cooling the light emitting units that

employ light emitting layers made up of organic EL

(electroluminescence) elements and that are used in

various fields. More particularly, the present invention

pertains to a light source apparatus formed by adding

temperature detection means or elapsed time measur-

ing means to light source units comprising light emitting

units and cooling means, and to a method and appara-

tus for controlling a light source apparatus that controls

the cooling means by the temperature detection means

or elapsed time measuring means in the light source ap-

paratus.

2. Description of the Related Art

[0003] In recent years, with the amazing advances

being made in semiconductor technology, various elec-

tronic display devices other than CRT displays are being

developed and turned into marketable products. One of

these which is drawing much attention is the projection

display apparatus, a technology that is advantageous in

terms of lower power consumption and lighter weight.

[0004] One type of such a projection display appara-

tus that is known is the liquid crystal projector wherewith

images on a liquid crystal panel are enlarged and pro-

jected by a projection lens onto a reflective or transmis-

sive screen and thus displayed.

[0005] One example of such a liquid crystal projector

is diagrammed in Fig. 31.

[0006] The liquid crystal projector diagrammed in Fig.

31 comprises a light source lamp unit 202 inside a cab-

inet. Electrical discharge lamps such as metal halide

lamps, or halogen lamps, are used in the light source

lamp unit 202. The light emitted from this light source

lamp unit 202 is guided via a mirror 203 to dichroic mir-

rors 204 and 205, whereby it is separated into red light,

green light, and blue light. Of the three color compo-

nents into which the light is separated, the red light pass-

es by way of a mirror206 to a red displaying liquid crystal

panel 209, the green light is led directly to a green dis-

playing liquid crystal panel 210, and the blue light is led

by way of mirrors 207 and 208 to a blue displaying liquid

crystal panel 211.

[0007] The images displayed on the three liquid crys-

tal panels 209 through 211 ,
respectively, are illuminated

by their respective colors, and this light is combined by

a dichroic prism 212.

[0008] The combined light is enlarged by a projection

lens 21 3 and projected, in enlarged form, on a reflecting

screen (not shown), for example.

[0009] With a liquid crystal projector in which a light

source lamp unit 202 such as this is used, however, the

light emitted from the metal halide lamp or halogen lamp

must be radiated with good parallelism onto the liquid

crystal panel. For this purpose, as diagrammed in Fig.

31, it is necessary to provide the light source lamp unit

202 with a reflector 202A having a rather large aperture.

This constitutes a serious problem in that it makes it dif-

ficult to meet the demand for lighter weights and smaller

sizes in the overall projector.

[0010] As is depicted in Fig. 31, moreover, it is pref-

erable that the lamp in the light source be cooled. The

larger the capacity of the tamp, in fact, the higher must

the cooling capability of the cooling fan be.

[0011] In the case of a so-called triple liquid crystal

projector, moreover, in which three separate liquid crys-

tal panels are provided for the red, green, and blue

colors, as described in the foregoing, a light dividing op-

tical system is necessary to take the light emitted from

the single-lamp light source and divide it into the colors

on the three liquid crystal panels.

[0012] This makes it even more difficult to achieve the

desired reduction in weight and size.

[0013] A first example of the related art is now dis-

cussed.

[0014] In recent years, in an effort to break out of this

dilemma, the use of organic EL elements as the light

emitting unit has been proposed. This reflects the fact

that many reports have been made of light of high bright-

ness being emitted by EL elements using an organic thin

film for the light emitting layer. These light emitting units

are thin planar light sources in which are formed an elec-

tric-field light-emission (electroluminescence = EL) lay-

er consisting of an organic thin film. Compared to inor-

ganic EL elements, organic EL elements can operate at

low voltage and provide high brightness. Thus they are

believed to be well suited for use in enlarging-projection

type projection display apparatuses, and much research

is being focused on the practical implementation of such

devices.

[0015] An example of a triple liquid crystal projector

in which such organic EL elements are used as the light

source unit is diagrammed in Fig. 32 and 33. In the liquid

crystal projector depicted in these drawings, light source

units 224, 225, and 226, in which are used organic EL

elements that emit red, green, and blue light, respec-

tively, are positioned, respectively, behind and in close

proximity to three liquid crystal panels 221, 222, and

223, which display red, green, and blue colors. Item 227

is a dichroic prism, and 228 is a projection lens. An ex-

ample of this type of projection display apparatus is dis-
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closed in laid-open patent application (Tokkai)

S51-119243 [1976] (gazette), corresponding to JP-A-51

119243.

[0016] Even with such a triple liquid crystal projector

such as this, however, in which organic EL elements are

used as the light source unit, the organic EL elements

produce heat when they are driven, and thus require

cooling.

[0017] A second example of the related art is now dis-

cussed.

[0018] One possible means of forcibly cooling such

organic EL elements as these is to employ electrical

cooling elements that utilize the Peltier effect.

[0019] Nevertheless, in the liquid crystal projector of

the first example of the related art depicted in Fig. 32

and 33 and described above, a planar light emitting unit

in which organic EL elements are used is employed,

thus making it possible to achieve smaller sizes and

lighter weights, but some unresolved problems remain,

as noted below. These problems present obstacles

which prevent this technology from being practically im-

plemented.

[0020] In the first place, even though these are called

organic EL elements, they produce heat when they are

driven, and this emission of heat causes the light emit-

ting performance to gradually deteriorate, shortening

the useful life of the elements.

[0021] Furthermore, if the light emission performance

of a light source unit in which organic EL elements are

used has fallen below allowable limits, then one would

like to be able to replace only the light source unit. In a

color-displaying triple liquid crystal projector, in particu-

lar, light source units are provided for each of the three

liquid crystal panels, so the number thereof is high. A
deterioration in the performance of one or two ofthe light

source units destroys the color balance of the displays

on the screen, so the effects thereof are great. In such

cases, it would be economical to be able to simply re-

place only those light source units which have reached

the limit oftheir useful life. Previously, however, no struc-

ture has been proposed for such light source units which

would make them independent and easily replaceable.

This has obliged repair personnel to go to the great trou-

ble of changing out light source units on boards on which

they are mounted,

[0022] When making such replacements, it is very im-

portant not only to insure the electrical connection with

the light source unit after replacement, but also to insure

that it has been restored to the prescribed optical posi-

tion. If the orientation or position of the replaced light

source unit is off, the way in which light strikes the liquid

crystal panels will be altered, the picture on the screen

may be partially darkened, and the display performance

may be degraded.

[0023] Another important aspect to consider when

making replacements is rightly judging when exactly to

make the replacement, if such replacement is made
late, brightness may be reduced, and viewers may have

to put up with pictures that exhibit distorted color bal-

ance. Conversely, if the replacement is made too early,

that will adversely affect economy. In other words, it is

important to judge when the right time to make the re-

5 placement is. Previously, however, no effective way to

remedy this had been proposed.

[0024] Furthermore, the light emitted from planar light

source units in which organic EL elements are used is

not necessarily parallel, and when it strikes a liquid crys-

10 tal panel it exhibits the property of widely spreading out.

For this reason, the light emitted from the light source

units contains much wasted light that does not contrib-

ute to the display of the image on the liquid crystal pan-

els, by which measure the brightness of the displayed

15 picture deteriorates. Moreover, efforts to raise the dis-

play brightness to compensate for this wasted light re-

sult in recklessly raising the light emission output of the

organic EL elements, which leads to a vicious cycle in

which the heat generated degrades the light emission

20 performance and leads to even more severe shortening

of useful life.

[0025] In terms of enhancing the efficiency with which

light is emitted from this light source unit, transparent

glass plates placed on the emission side of the organic

25 thin films making up the organic EL elements play an

important role.

[0026] Conventionally, however, these plates have

been of a simple form in which both front and back sur-

faces are parallel.

30 [0027] With the first example of the related art dis-

cussed above, it has been very difficult to achieve a

practical projection display apparatus due to the many
problems cited.

[0028] With the second example of the related art,

35 moreover, when light emitting units comprising organic

EL elements, and cooling means, are employed, and

electronic cooling elements are used to cool the organic

EL elements, if one begins driving the cooling elements

simultaneously with lighting the organic EL elements,

40 the temperature of the organic EL elements will rise be-

fore they are cooled, whereupon the organic EL ele-

ments will be thermally degraded, which constitutes a

problem.

[0029] when the cooling elements are activated first,

45 and the organic EL elements are lighted subsequently,

the organic EL elements are cooled before they emit

light, causing dew to form. This also constitutes a prob-

lem.

[0030] Furthermore, when the use of the light source

50 apparatus is discontinued, if the timing between extin-

guishing the organic EL elements and stopping the cool-

ing elements is improper, either the organic EL elements

will suffer thermal degradation or dew will be formed.

This constitutes yet another problem.

55 [0031] Further examples of projection type display ap-

paratuses are disclosed in DE-A-41 02 954.

[0032] A first major object of the present invention is

to provide a projection display apparatus in which are

3
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employed light source units comprising cooling means

and a light emitting unit comprising organic EL ele-

ments, which is light in weight, is small in size, and can

be practically implemented.

[0033] One specific object of the present invention is

to make it possible to prevent degradation in light emis-

sion performance caused by heat generation in the or-

ganic EL elements, thereby making it possible to in-

crease useful life, stabilize brightness, and secure max-

imum brightness continually.

[0034] Another specific object of the present invention

is to establish independent light emitting units compris-

ing organic EL elements, such that they can easily be

replaced so that their electrical connection and optical

positioning are secured, and so that the replacement op-

eration is rendered more efficient and maintenance and

inspection are made easier.

[0035] Another specific object of the present invention

is to make it possible to easily judge when replacements

should be made, thus making it possible to insure high

picture display quality, and rendering maintenance and

inspection easier. Another specific object of the present

invention is to enhance the efficiency with which light

strikes the liquid crystal panels.

[0036] Another specific object ofthe present invention

is to enhance the efficiency with which light is emitted

from the light source unit by the organic EL elements,

by improving the transparent substrates on which the

light source units are mounted.

[0037] A second major object of the present invention

is to provide a light source apparatus wherewith it is pos-

sible to prevent both thermal degradation in the organic

EL elements and the formation of dew, together with a

method and an apparatus for controlling the light source

apparatus.

SUMMARY OF THE INVENTION

[0038] In order to achieve the first object cited above,

the projection display apparatuses according to the

present invention comprise the features defined in

claims 1 , 2.

[0039] The cooling means of the apparatuses com-

prise cooling bodies provided with heat-radiating fins

that conduct and radiate the generated heat, provided

at the back of reflective electrode layers positioned at

the back of the light emitting layers, and sealing sub-

strates that seal off the portions of light emitting film

structures that include the reflecting electrode layers,

and that integrate the sealing substrates and the cooling

bodies.

[0040] Also, the surface areas of the heat-radiating

fins of the cooling bodies are formed so that the center

portions of the light emitting units are larger than the end

portions.

[0041] For example, moreover, the organic EL ele-

ments are elements that generate white light.

[0042] For example, moreover, the liquid crystal pan-

els comprise three liquid crystal panels that separately

display images in red components, green components,

and blue components, the organic EL elements com-

prising three organic EL elements that separately gen-

5 erate red, green, and blue light, exhibiting a structure

wherein a dichroic prism is interposed in the optical path

between the three liquid crystal panels and the projec-

tion lens.

[0043] In order to achieve the first object and the spe-

10 cific objects noted above, the projection display appa-

ratus to which the present invention pertains comprises:

transmissive liquid crystal panels that display images;

light emitting units positioned in back of the liquid crystal

panels and provided with light emitting layers compris-

es ing organic EL elements; and attachment means for at-

taching the light emitting units, such that they can be

freely attached and detached, to at least the portion of

a base on which is mounted the liquid crystal panels and

the light emitting units.

20 [0044] For example, moreover, the light emitting units

comprise bases that mount both electrode layers that

sandwich the tight emitting layers and terminals that are

electrically connected to the electrode layers, while the

attachment means are equipped both with connectors

25 that plug terminal units into the base portions, such that

they can be freely plugged and unplugged, the terminal

units having mounted in them the terminals of the

boards, and with guides that guide the boards in the di-

rection of connector plug-in, when the terminal units of

30 the boards are inserted into the connectors.

[0045] For example, moreover, light source units are

provided which comprise cooling means for radiating

heat generated by the light emitting layers, and light

emitting units containing the light emitting layers.

35 [0046] For example, moreover, the cooling means
comprise heat-radiating fins that are provided on the

back side of the reflective electrode layers positioned at

the back of the light emitting layers, which conduct and

radiate the generated heat.

40 [0047] Furthermore, in order to achieve the first object

noted above, the projection display apparatus to which

the present invention pertains comprises transmissive

liquid crystal panels that display images, and light emit-

ting units, positioned at the back ofthe liquid crystal pan-

45 els, in which light emitting layer structures having light

emitting layers made up of organic EL elements are pro-

vided on transparent substrates, wherein means for

raising the light-emission efficiency are formed integral-

ly on the light emitting surfaces of the transparent sub-

so strates of the light emitting units.

[0048] For example, moreover, the means for raising

the light-emission efficiency are microlens arrays

formed two-dimensionally on the light-emission surfac-

es,

55 [0049] For example, moreover, the means for raising

the light-emission efficiency are microprism arrays

formed two-dimensionaily on the light-emission surfac-

es.

4
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[0050] In order to achieve the first object and the spe-

cific objects noted earlier, the projection display appa-

ratus to which the present invention pertains comprises

light emitting units positioned at the back of liquid crystal

panels and having light emitting film structures, the light

emitting layers of which are organic EL elements, pro-

vided on transparent substrates; voltage measuring

means for measuring voltages on terminals between the

electrodes of the light emitting film structures; useful-life

assessment means that assess the useful life remaining

in the light emitting film structures; and announcement

means that announce the useful life when the useful-life

assessment means have assessed the useful life.

[0051] Here, for example, the useful-life assessment

means are means that assess the useful life by convert-

ing the values of the voltages on the terminals to bright-

ness values and comparing these against reference val-

ues.

[0052] For example, moreover, here are comprised

color-balance assessment means for assessing the red,

green, and blue color balance on the basis of the termi-

nal voltage values measured by the voltage measuring

means, and color-balance correction means that auto-

matically correct the color balance on the basis of the

results of the assessments of the coior-balance assess-

ment means.

[0053] For example, moreover, the light emitting layer

structure for the light emitting units comprises a resona-

tor structure that selectively resonates and emits light of

a particular wavelength,

[0054] In order to achieve the two objects noted

above, the light source apparatus to which the present

invention pertains comprises light source units compris-

ing light emitting units provided with organic EL ele-

ments as light emitting layers and cooling means pro-

vided in the light emitting units for radiating heat gener-

ated by the light emitting units; and temperature detec-

tion means for measuring the temperature ofthe cooling

means.

[0055] In order to achieve the two objects noted

above, the light source apparatus to which the present

invention pertains comprises light source units compris-

ing light emitting units provided with organic EL ele-

ments as light emitting layers and cooling means pro-

vided in the light emitting units for radiating heat gener-

ated by the light emitting units; and temperature detec-

tion means for measuring the temperature of the organic

EL elements.

[0056] In order to achieve the two objects noted

above, the light source apparatus to which the present

invention pertains comprises light source units compris-

ing light emitting units provided with organic EL ele-

ments as light emitting layers and cooling means pro-

vided in the light emitting units for radiating heat gener-

ated by the light emitting units; and at least one or other

of elapsed time measuring means for measuring the

elapsed time after the start of the cooling means or

elapsed time measuring means for measuring the

elapsed time after the stopping of the cooling means.

[0057] In order to achieve the two objects noted

above, the light source apparatus control method to

which the present invention pertains is a light source ap-

5 paratus control method for controlling cooling starts and

the lighting of a light source comprising light source units

comprising light emitting units provided with organic EL

elements as light emitting layers and cooling means pro-

vided in the light emitting units for radiating heat gener-

ic? ated by the light emitting units, and temperature detec-

tion means for measuring the temperature of the cooling

means; wherein the organic EL elements are lighted at

the point in time when the temperature detected by the

temperature detection means reaches a set tempera-

15 ture, after the cooling means have been started.

[0058] In order to achieve the two objects noted

above, the light source apparatus control method to

which the present invention pertains is a light source ap-

paratus control method for controlling cooling starts and

20 the lighting of a light source comprising light source units

comprising light emitting units provided with organic EL

elements as light emitting layers and cooling means pro-

vided in the light emitting units for radiating heat gener-

ated by the light emitting units, and temperature detec-

25 tion means for measuring the temperature ofthe organic

EL elements; wherein the organic EL elements are light-

ed at the point in time when the temperature detected

by the temperature detection means reaches a set tem-

perature, after the cooling means have been started.

30 [0059] In order to achieve the two objects noted

above, the light source apparatus control method to

which the present invention pertains is a light source ap-

paratus control method for controlling cooling stoppag-

es and the extinguishing of a light source comprising

35 light source units comprising light emitting units provid-

ed with organic EL elements as light emitting layers and

cooling means provided in the light emitting units for ra-

diating heat generated by the light emitting units, and

temperature detection means for measuring the temper-

40 ature of the cooling means; wherein after reducing the

drive current going to the organic EL elements, the cool-

ing means are stopped, and the organic EL elements

are extinguished at the point in time when the tempera-

ture detected by the temperature detection means
45 reaches a set temperature.

[0060] in order to achieve the two objects noted

above, the light source apparatus control method to

which the present invention pertains is a light source ap-

paratus control method for controlling cooling stoppag-

50 es and the extinguishing of a light source comprising

light source units comprising light emitting units provid-

ed with organic EL elements as light emitting layers and

cooling means provided in the light emitting units for ra-

diating heat generated by the light emitting units, and

55 temperature detection means for measuring the temper-

ature ofthe organic EL elements; wherein after reducing

the drive current going to the organic EL elements, the

cooling means are stopped, and the organic EL ele-

5
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merits are extinguished at the point in time when the

temperature detected by the temperature detection

means reaches a set temperature.

[0061] In order to achieve the two objects noted

above, the light source apparatus control method to

which the present invention pertains is a light source ap-

paratus control method for controlling cooling starts and

the lighting of a light source comprising light source units

comprising light emitting units provided with organic EL

elements as light emitting layers and cooling means pro-

vided in the light emitting units for radiating heat gener-

ated by the light emitting units, and elapsed time meas-

uring means for measuring the elapsed time from the

start of the cooling means; wherein the organic EL ele-

ments are lighted after a certain time has elapsed since

the cooling means were started.

[0062] In order to achieve the two objects noted

above, the light source apparatus control method to

which the present invention pertains is a light source ap-

paratus control method for controlling cooling stoppag-

es and the extinguishing of a light source comprising

light source units comprising light emitting units provid-

ed with organic EL elements as light emitting layers and

cooling means provided in the light emitting units for ra-

diating heat generated by the light emitting units, and

elapsed time measuring means for measuring the

elapsed time from the stoppage of the cooling means;

wherein after reducing the drive current going to the or-

ganic EL elements, the cooling means are stopped, and

the organic EL elements are extinguished a certain time

thereafter.

[0063] In order to achieve the two objects noted

above, the light source apparatus control apparatus to

which the present invention pertains is a control appa-

ratus for a light source apparatus that comprises light

source units comprising light emitting units provided

with organic EL elements as light emitting layers and

cooling means provided in the light emitting units for ra-

diating heat generated by the light emitting units, and

temperature detection means for measuring the temper-

ature of the cooling means, and that illuminates liquid

crystal display elements with light radiated from the or-

ganic EL elements; wherein the light source apparatus

is controlled so that, when lighting the organic EL ele-

ments, the organic EL elements are lighted at the point

in time when, after the cooling means have been started,

the temperature detected by the temperature detection

means reaches a set value for lighting, and, when ex-

tinguishing the organic EL elements, the cooling means

are stopped after reducing the drive current going to the

organic EL elements, and the organic EL elements are

extinguished at the point in time when the temperature

detected by the temperature detection means reaches

a set value for extinguishing.

[0064] In order to achieve the two objects noted

above, the light source apparatus control apparatus to

which the present invention pertains is a control appa-

ratus for a light source apparatus that comprises light

source units comprising light emitting units provided

with organic EL elements as light emitting layers and

cooling means provided in the light emitting units for ra-

diating heat generated by the light emitting units, and

5 temperature detection means for measuring the temper-

ature of the organic EL elements, and that illuminates

liquid crystal display elements with light radiated from

the organic EL elements; wherein the light source ap-

paratus is controlled so that, when lighting the organic

w EL elements, the organic EL elements are lighted at the

point in time when, after the cooling means have been

started, the temperature detected by the temperature

detection means reaches a set value for lighting, and,

when extinguishing the organic EL elements, the cool-

15 ing means are stopped after reducing the drive current

going to the organic EL elements, and the organic EL

elements are extinguished at the point in time when the

temperature detected by the temperature detection

means reaches a set value for extinguishing.

20 [0065] In order to achieve the two objects noted

above, the light source apparatus control apparatus to

which the present invention pertains is a control appa-

ratus for a light source apparatus that comprises light

source units comprising light emitting units provided

25 with organic EL elements as light emitting layers and

cooling means provided in the light emitting units for ra-

diating heat generated by the light emitting units, and

both elapsed time measuring means for measuring the

elapsed time from the start of the cooling means and

30 elapsed time measuring means for measuring the

elapsed time from the stoppage of the cooling means,

and that illuminates liquid crystal display elements with

light radiated from the organic EL elements; wherein the

light source apparatus is controlled so that, when light-

35 ing the organic EL elements, the organic EL elements

are lighted after a certain time has elapsed since the

cooling means were started, and so that, when extin-

guishing the organic EL elements, the cooling means

are stopped after reducing the drive current going to the

40 organic EL elements, and the organic EL elements are

extinguished a certain time thereafter.

[0066] For example, moreover, the control apparatus

for the light source apparatus is applied to a projection

type projection display apparatus which takes images

45 displayed on the liquid crystal display elements and en-

larges and projects them by a projection lens.

BRIEF DESCRIPTION OF THE DRAWINGS

50 [0067]

Fig. 1 is a simplified plan of a liquid crystal projector

that concerns a first embodiment of the present in-

vention;

55 Fig. 2 is a diagram depicting the way layers are lam-

inated in a light emitting unit having an organic EL

element as the light emitting layer;

Fig. 3 is a diagram showing how a cooling body is

6
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attached as cooling means to a light emitting unit;

Fig. 4 is a simplified plan of a liquid crystal projector

that concerns a second embodiment of the present

invention;

Fig. 5 is a diagram showing how a cooling body is

attached as cooling means to a light emitting unit;

Fig. 6 is a diagram showing how another cooling

body is attached to a light emitting unit;

Fig. 7 is a diagram showing how yet another cooling

body is attached to a light emitting unit;

Fig. 8 is a simplified partial plan of a liquid crystal

projector that concerns a third embodiment of the

present invention;

Fig. 9 is a diagonal view that depicts the guide and

connector parts of Fig. 8;

Fig . 1 0 is a diagonal view that depicts a light emitting

unit structured so that it is can be replaced;

Fig. 11 is a simplified cross-sectional view in the A-A

plane of Fig. 10;

Fig. 12 is a simplified plan of the vicinity of a light

emitting unit in a liquid crystal projector that con-

cerns a fourth embodiment of the present invention;

Fig. 13 is a simplified diagonal view of the configu-

ration in Fig. 12;

Fig. 14 is a simplified plan of the configuration in the

vicinity of a light emitting unit in a modification of the

fourth embodiment of the present invention;

Fig. 15 is a simplified diagonal view of the configu-

ration in Fig. 14;

Fig. 16 is a simplified diagram of the configuration

in the vicinity of a light emitting unit in a liquid crystal

projector that concerns a fifth embodiment of the

present invention;

Fig. 17 is a simplified diagram of the configuration

of a light emitting unit provided without a lens array,

which contrasts with Fig. 16;

Fig. 1 8 is a simplified diagram of a microprism array

that represents a modification of the fifth embodi-

ment of the present invention;

Fig. 19 is a simplified diagram of the configuration

in the vicinity of a light emitting unit in a liquid crystal

projector that concerns a sixth embodiment of the

present invention;

Fig. 20 is a diagram for describing differences in

spectrum waveform depending on the presence or

absence of a resonator structure;

Fig. 21 is a diagram for describing differences in di-

rectionality depending on the presence or absence

of a resonator structure;

Fig. 22 is a graph that represents the relationship

between brightness and accumulated drive time in

a light emitting unit that has an organic EL element

as its light emitting layer;

Fig. 23 is a graph that represents the relationship

between terminal voltage and accumulated drive

time in a light emitting unit that has an organic EL
element as its light emitting layer;

Fig. 24 is a graph that represents the relationship

between brightness and current value in a light

emitting unit having an organic EL element as its

light emitting layer;

Fig. 25 is a block diagram of one example of termi-

5 nal voltage measuring and control circuitry for a light

emitting unit in a liquid crystal projector that con-

cerns a seventh embodiment of the present inven-

tion;

Fig. 26 is a flowchart of CPU processing in the sev-

10 enth embodiment;

Fig. 27 is a simplified cross-sectional view of the

configuration of a light source in an eighth embod-

iment not part of the present invention;

Fig. 28 is a simplified cross-sectionai view of the

15 main optical system that configures a liquid crystal

display apparatus in a ninth embodiment not part of

the present invention;

Fig. 29 is a simplified cross-sectional view of a light

source in a tenth embodiment not part ofthe present

20 invention;

Fig. 30 is a simplified cross-sectional view of a light

source in an eleventh embodiment not part of the

present invention;

Fig. 31 is a simplified plan of the configuration of a

25 conventional example of a liquid crystal projector;

Fig. 32 is a simplified plan of the configuration of

another conventional example of a liquid crystal

projector; and

Fig. 33 is a simplified diagonal view of the configu-

30 ration in Fig. 32.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

35 [0068] Projection display apparatuses concerning

preferred embodiments of the present invention are de-

scribed below, with reference to the attached drawings,

in the embodiments described below, a liquid crystal

projector is adopted as the liquid crystal display appa-

40 ratus.

[0069] A first embodiment is now described with ref-

erence to Fig. 1 to 3. The liquid crystal projector dia-

grammed in Fig. 1 is configured as a rear-projecting type

of triple liquid crystal projector.

45 [0070] This liquid crystal projector comprises a cabi-

net 11. Inside the cabinet 11 are provided three liquid

crystal panels 12R, 12G
f
and 12B that perform image

displays in red, green, and blue, respectively, panel-

form light emitting units 13R, 13G, and 13B positioned

50 in correspondence with the liquid crystal panels, respec-

tively, panel-form cooling bodies 14R, 14G, and 14B po-

sitioned as cooling means for each of the light source

units, a dichroic prism 15, and a projection lens 16. Light

source units are configured by the light emitting units

55 13R, 13G, and 13B, and the cooling bodies 14R, 14G,

and 14B. The liquid crystal panels 12R, 12G, and 12B

and the light source units (i.e. the light emitting units

13R, 13G, and 13B, and the cooling bodies 14R, 14G,

7
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and 14B) are positioned on the iight-incidence side of

the side surfaces of the dichroic prism 15 for each dis-

play color combination.

[0071] The projection lens 16 is positioned on the

light-emission side of the dichroic prism 15. Atransmis-

sive screen 17 is positioned on the light-emission side

of the projection lens 16; at a prescribed distance there-

from. The projection lens 16 is represented as a single

lens in the drawing, but ordinarily it will be made up of

a plurality of lenses.

[0072] This liquid crystal projector is classified as a

rear-projecting type. That is because it is a type wherein

an enlarged image is projected from the back side (the

side where the projector is) of the transmissive screen

17 which is of a size of about 20 inches. In a liquid crystal

projection television, this screen is secured to the cabi-

net 11.

[0073] Here, the surface on the light-source side of

each of the liquid crystal panels 12R, 12G, and 12B is

called the back or back surface, and that direction is

called the back side, while the light-emission sides of

the liquid crystal panels 12R, 12G, and 12B, respective-

ly, are called the front or front surface sides, as neces-

sary. The liquid crystal panels 12R, 12G, and 12B are

formed, respectively, by laminating a substrate, polariz-

ing panel, and phase contrast panel, etc., to form ele-

ments in which a sandwiched-in liquid crystal layer is

electrically driven, such that they display red, green, and

blue images. The size of each of the liquid crystal pan-

els, stated as a diagonal size, may be 33 mm (1.3 inch-

es), for example.

[0074] For the light emitting units 13R, 13G, and 13B,

organic EL (electroluminescence) elements are used.

These organic EL elements are formed in panels and

have an electric-field light emitting layer structure com-

prising organic thin films that handle the emission of red,

green, and blue light, respectively.

[0075] More specifically, each of the light emitting film

portions of the light emitting units 13R, 13G, and 13B,

respectively, as diagrammed in Fig. 2, comprises a

glass substrate that is a transparent substrate 20, a

transparent electrode layer 21 consisting of a transpar-

ent electrically conducting thin film layer formed on the

glass substrate, a light emitting layer 22 consisting of an

organic thin film layer that emits red, green, or blue light,

formed on the electrode layer, and a reflective electrode

layer 23 consisting of a metallic film that doubles as a

reflective mirror, laminated so as to sandwich in the light

emitting layer. A light emitting film structure LT is formed

by the transparent electrode layer 21, light emitting layer

22, and reflective electrode layer 23.

[0076] The effective light emitting region of the light

source unit is formed to have a diagonal size of 33 mm
or greater, and is positioned in close proximity to the

back surface of the liquid crystal panel.

[0077] The light emitting layer 22 emits red, green, or

blue light when the electric field is applied between the

transparent electrode layer 21 and the reflective elec-

trode layer 23. For the organic materials used to form

the organic thin films, a material in which a red fluores-

cent pigment is added to a quino-lithol-aluminum com-

plex or the like is used for red (wavelength = 610 nm),

5 a quino-lithol-aluminum complex or the like is used for

green (wavelength = 540 nm), and a zinc oxazole com-

plex or the like is used for blue (wavelength = 460 nm).

[0078] The light emitting units 1 3R, 1 3G, and 1 3B, re-

spectively, as diagrammed in Fig. 3, are provided with

10 a sealing substrate 24 that is bonded to the back side

of the light emitting film structure LT so as to seal it off.

A metal such as aluminum or copper is suitable for the

material of this sealing substrate 24.

[0079] Each of the cooling bodies 14R, 14G, and 14B,

is respectively, is provided with a thermal conductor 25

that conducts heat away from the sealing substrate 24,

and with a panel-form electronic cooling element 26 that

is bonded to the back side of the thermal conductor 25.

A liquid or metal that is a good conductor of heat is used
20 for the thermal conductor 25.

[0080] Examples of such materials are silicon grease

having outstanding thermal conductivity and adhesives

having outstanding thermal conductivity. Alternatively

this may even be solder. It is preferable that the thermal

25 conductor be capable of withstanding temperatures of

between 100°C and 200°C.

[0081] The electronic cooling elements 26 are ele-

ments that utilize the Peltier effect in which heat is ab-

sorbed or radiated when an electric current is passed.

30 The heat-absorbing side of the element is bonded inte-

grally to the thermal conductor 25.

[0082] For this reason, the heat generated by the light

emitting film structure LT that is conveyed to the thermal

conductor 25 is absorbed by the electronic cooling ele-

35 ment 26, and is then radiated away from the opposite

side. The heat-radiating side of the electronic cooling

element 26 may operate by natural heat radiation, but it

is preferable that the heat be radiated away more ag-

gressively by attaching a heat sink (not shown).

40 [0083] Heat-radiating fins, for example, are good for

this purpose. It is even more preferable, however, that

a radiating-fin cooling fan (which may be a small fan) be

provided in back of the heat-radiating fins. This may be

implemented either by providing individual heat-dissi-

45 pating fans for each radiating fin unit, or by providing a

heat-dissipating fan somewhere inside the cabinet for

the purpose of creating air convection within the cabinet.

[0084] The operational effectiveness of this embodi-

ment is now described. The light that is emitted from the

so red, green, and blue light emitting units 13R, 13G, and

13B strikes the liquid crystal panels 12R, 12G, and 12B

that are positioned in opposition for each color, respec-

tively. This incident light illuminates the liquid crystal

panels 12R
}
12G, and 12B which display red, green, and

55 blue images. The image display light leaving the liquid

crystal panels 12R, 12G, and 12B enters the dichroic

prism 15 and is combined. This combined light is mag-
nified 10 times, for example, by the projection lens 16.

8
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[0085] This magnified light is projected onto the trans-

missive screen 17. In this manner, a color image having

a diagonal size of 330 mm (13 inches), for example, is

displayed on the screen 17.

[0086] The heat that is radiated from the light emitting

film structures LT of the light emitting units 13R, 13G,

and 13B during this display is conveyed to the cooling

bodies 26 via the sealing substrates 24 and the thermal

conductors 25. At the cooling bodies 26, the heat con-

ducted thereto is absorbed, radiated, and dissipated.

Thus, with this active cooling, almost all of the heat pro-

duced in the light emitting film structures LT, that is, in

the light emitting layers 22, is dissipated to the outside,

without accumulating in the light emitting units 13R,

13G, and 13B.

[0087] That being so, degradation of light emitting

performance in the light emitting layers 22 due to heat

generation is suppressed, and the useful life of tf^e light

source is lengthened. The brightness of the display

screen is also maintained at high levels, so that stable,

bright pictures are produced.

[0088] Furthermore, a projection display apparatus is

provided that can be practically implemented, where-

with the difficulties associated with the prior art are over-

come while enjoying the advantages of lighter weight

and smaller size afforded by mounting the light emitting

units employing organic EL elements, together with their

cooling bodies, and using the organic EL elements as

light sources.

[0089] Also, the light emitting units are not limited to

emitting oniy the specific colors of red, green, and blue,

as described in the foregoing. They may also commonly

carry light emitting layers that emit a combination of red,

green, and blue light, or light emitting layers that emit

white light containing these three primary colors. In such

cases, in the configuration diagrammed in Fig. 1 , one

only need insert separate wavelength filters that trans-

mit only red, green, or blue, between the dichroic prism

15 and the respective liquid crystal panels 12R, 12G,

and 12B.

[0090] It is also possible combine one liquid crystal

panel wherein is formed red, green, and blue colorfilters

for each pixel together with one light emitting unit having

an organic EL element structure that emits white light

and a projection lens.

[0091] It is also possible to implement a projector

structure which uses a reflective screen having a size

of 100 inches or so instead of the transmissive screen.

When a reflective screen is used, the images cast on

the screen are viewed from the same side as the pro-

jector.

[0092] A second embodiment is now described with

reference to Fig. 4 and 5. As with the embodiment de-

scribed in the foregoing, this embodiment involves the

cooling of light emitting units which employ organic EL

elements. Configurational elements that are the same
as or similar to those described for the first embodiment

are denoted by the same reference characters, and the

description thereof is either omitted or abridged. (The

same applies to descriptions for the third and subse-

quent embodiments herein.)

[0093] The liquid crystal projector diagrammed in Fig.

5 4 is configured as a rear-projecting triple liquid crystal

projector. This projector differs from the liquid crystal

projector of the first embodiment in that the cooling

means for the light emitting units 13R, 13G, and 13B, in

which organic EL elements are employed, are different.

10 Whereas electronic cooling elements were used in the

first embodiment, cooling bodies that employ heat-radi-

ating fins are used in this embodiment.

[0094] To the back surfaces of the light emitting units

13R, 13G, and 13B are bonded cooling bodies 31R,

15 31 G, and 31 B, respectively, as naturally radiating cool-

ing means. Each of the cooling bodies 31 R, 31 G, and

31 B is provided with a thermal conductor 25 formed on

a sealing substrate 24, and a radiating fin unit 32 is

bonded to the thermal conductor 25, as diagrammed in

20 Fig. 5.

[0095] The radiating fin unit 32 is formed of a sub-

stance such as aluminum which is a good conductor of

heat. In addition, the side of the radiating fin unit 32 op-

posite the thermal conductor 25, that is, the heat-radi-

25 ating surface, has vertically oriented undulations (in the

vertical dimension of the radiating fin units 32 in Fig. 5)

consisting of a plurality of peaks and valleys formed

therein so that the cross-section thereoftakes on a wave
form. It is preferable that a heat-dispersing fan such as

30 was described for the first embodiment be provided, ei-

ther at the back of the radiating fins or somewhere in the

cabinet 11.

[0096] Thus heat released from the light emitting film

structure LT will be conveyed to the radiating fin unit 32
35 via the sealing substrate 24 and the thermal conductor

25, and will be dissipated by natural radiation from the

heat-radiating surface thereof. As a result, cooling will

be effected in this second embodiment also so as to ef-

fectively suppress the accumulation of heat generated

40 by the light emitting units 13R, 13G, and 13B. Further-

more, in this case, because the cooling means are ra-

diating fins, there is no need to employ an electric cur-

rent, as with the electronic cooling elements, thus af-

fording the advantage of being able to make the power
45 supply circuit smaller.

[0097] Various modifications are possible in the

shapes of the cooling bodies 31 R, 31G
f
and 31 B per-

taining to the second embodiment, as described in the

foregoing, as are depicted in Fig. 6 and 7, for example.

50 The cooling body depicted in Fig. 6 integrates three of

the members described above, namely the radiating

fins, thermal conductor, and sealing substrate, thus

forming a sealing substrate 33 that is equipped with ra-

diating fins. This permits a more compact configuration.

55 [0098] The cooling body depicted in Fig. 7 also inte-

grates the three members, that is, the radiating fins,

thermal conductor, and sealing substrate, as in the con-

figuration depicted in Fig. 6, yielding a sealing substrate

9
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33 that is equipped with radiating fins, but having the

center portion CT of the heat-radiating surface of the

radiating fin unit mounded toward the outside, so as to

gain extra surface area, while retaining the waveform

shape. The purpose of this configuration is to further en-

hance cooling at the center of the surface of the planar

light emitting layer formed by the organic EL element,

where the level of heat generated is known to be higher.

[0099] A third embodiment is now described with ref-

erence to Fig. 8 through 11. This embodiment pertains

to a replacement structure for light emitting units using

organic EL elements.

[0100] The liquid crystal projector diagrammed in Fig.

8 is configured as a rear-projecting triple liquid crystal

projector. It comprises three liquid crystal panels 12R,

12G, and 12B, at the back of each of which is provided

a light emitting unit 13R (13G, 13B) that can be freely

attached or detached, to the back of which light emitting

unit 13R a cooling body 34R (34G
f
34B) is integrally

bonded. This cooling body 34R (34G, 34B) is configured

as described above with reference to Fig. 6, except that

the size of the bonded area is formed so as to be slightly

smaller than the area of the back surface of the light

emitting unit 13R (13G, 13B).

[0101] Around the edge that remains on the back side

of the light emitting unit 13R (13G, 13B) is bonded a

board 35, as depicted in Fig. 8, 10, and 11. This board

35 functions as a guided member during installation or

replacement, as will be described below, and it also

functions through its lower edge to make an electrical

connection with the power supply circuit.

[0102] This liquid crystal projector also comprises

pairs of concave guides 36 and 36 that are positioned

on a base (not shown), in mutual opposition, for the pur-

pose of guiding the boards 35, that is, the sets consisting

of a light emitting unit and a cooling body, in the vertical

direction. The positions of these guides 36 and 36 on

the base are established so that, when a board is

plugged in, the light emitting unit 13R (13G, 13B) is po-

sitioned accurately in proximity to the back side of the

liquid crystal panel 12R (12G, 12B), and so that the op-

tical axis from the light emitting unit to the liquid crystal

panel is accurately established and made straight.

[0103] At positions on the base that are between each

pair of guides 36 and 36 are provided connectors 37, as

depicted in Fig. 9.

[01 04] The configuration allows a plug 35L (cf. Fig. 1

0

and 1 1 ) formed integrally in the lower end of each of the

boards 35 to be inserted into the connector 37, so that

it can be freely advanced or retracted. On one side of

the plug 35L is mounted a terminal TN comprising a

printed circuit for signal and power transmissions to the

light emitting unit 13R (13G, 13B),

[0105] Hence, when a base 35 (that is, a combination

of a light emitting unit and a cooling body) is plugged

into the connector 37 while guided by the guides 36 and

36, electric power and signal circuits (not shown) are

electrically connected to the light emitting unit 1 3R (1 3G,

13B). Other than this, the configuration and functionality

are similar to those of the embodiments described ear-

lier.

[0106] Thus when it is judged that the light-emitting

5 performance of a light emitting unit 13R, 13G, or 13B

has fallen below allowable limits, and that its useful life

has expired, or when maintenance or inspections are

performed, any individual light emitting unit can be read-

ily replaced. During replacement, only the old light emit-

10 ting unit is pulled out, together with its board 35, and a

new light emitting unit can be smoothly plugged in using

the guide functions of the board 35 and the guides 36

and 36. Hence each light emitting unit can be easily re-

placed, maintenance and inspection tasks are made
15 less tedious and time-consuming, and any light emitting

unit can be replaced individually, which contributes to

reducing maintenance and inspection costs as well as

component costs.

[0107] In particular, in a color-displaying triple liquid

20 crystal projector, wherein light emitting units are in-

stalled in each of the three liquid crystal projectors, the

number thereof becomes large. By being able to make
replacements easily, however, one may avoid or reduce

the number of occasions of unstable or poor display

25 quality when projectors are driven despite a breakdown

in display color balance.

[0108] Electrical connections with the light emitting

units are safely secured after replacement, of course,

and, thanks to the accurate guidance of the guides 36

30 and 36, light emitting units are easily and accurately re-

stored to their proper optical positions after replace-

ment. The orientation and positioning of the replaced

light emitting units are not altered from what they were

prior to replacement, so the way in which light is incident

35 on the liquid crystal panels is also unaltered, making it

possible to effect high display quality and stability,

[01 09] In addition, the shapes of the boards that serve

as guided members and the guiding members de-

scribed in the foregoing, as well as the way these are

40 put together, can be variously altered within the scope

of the intent of the present invention.

[01 10] A fourth embodiment is now described with ref-

erence to Fig. 12 and 13. This embodiment concerns an

improvement in the directionality of the light emissions

45 from the light emitting units in which organic EL ele-

ments are used.

[0111] The liquid crystal projector to which this em-
bodiment pertains employs the optical arrangement di-

agrammed in Fig. 12 and 13.

so [0112] This optical arrangement may be employed in

a triple liquid crystal projector such as described in the

foregoing, or it may be employed in a single liquid crystal

projector.

[0113] According to the optical arrangement dia-

55 grammed in Fig. 12 and 1 3, a lens array 41 is interposed,

as directionality regulating means, between the liquid

crystal pane! 12R (12G, 12B) and the light emitting unit

13R (13G, 13B) that employs an organic EL element. A

10
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plurality of microlenses41a is formed two-dimensional ly

on the light-incident side of the lens array 41, which is

to say on the incident surface on the side of the light

emitting unit This plurality of microlenses41a is formed

such that the pitch therein, respectively, is in a ratio of

4.5:1 relative to the pixel pitch in the liquid crystal panel

12R (12G, 12B), and the array is optimized so that moire

either does not occur or is not prominent and is exceed-

ingly fine.

[0114] To express this quantitatively, if thefocal length

of the microlens is approximately 1 mm, roughly coin-

ciding with the light emitting layer of the light emitting

units, and the pixels in the liquid crystal panel are of a

size P (where P = 33 u,m, for example), then the radius

of curvature of the microlenses 41a should be approxi-

mately 500 urn, and the lens pitch should be 4.5P (150

jum, for example); that is to say, a curvature and lens

pitch in this neighborhood are desirable.

[01 1 5] For this reason, the light emitted from the light

emitting unit 13R (13G, 13B), used as a planar light

source, will contain a considerable quantity of randomly

oriented light components. The directionality of these

light components is regulated by the microlenses 41 a of

the lens array 41 ,
however, and ideally most of them

strike the liquid crystal panel 12R (12G, 12B) as more
or less parallel light beams.

[0116] Accordingly, most of the light emitted from the

light emitting unit 13R (13G, 13B) will be incident on the

liquid crystal panel 12R (12G, 12B) with good efficiency

and little waste.

[0117] This prevents degradation in the brightness of

the display screen. Looking at this from another angle,

by the measure that light strikes the liquid crystal panels

with parallel directionality and good efficiency, the less

light-emitting power will be needed in the organic EL el-

ements, which means precisely that degradation in light-

emitting performance due to heat generation, which is

to say the shortening of their useful life, can be prevent-

ed.

[0118] Furthermore, among the light emitted from the

light emitting unit 13R (13G, 13B) or the light incident

upon the lens array 41 , there will be some portion of the

light components (cf. arrow a in Fig. 12) that will be to-

tally reflected by the surface of the lens array 41 , either

on the light-incident side or the light-emission side, due

to the contribution of the microlenses 41a.

[0119] When these totally reflected light components

return to the light emitting unit 13R (1 3G, 13B), they are

reflected in turn by the reflective electrode layer of the

light emitting unit, and thus recycled as light that is inci-

dent upon the lens array 41 . For this reason, the deploy-

ment of the lens array 41 also further enhances the ef-

ficiency with which the light emitted from the light emit-

ting unit is utilized.

[0120] A modified form of this fourth embodiment is

diagrammed in Fig. 14 and 15. With the optical arrange-

ment employed in this modified form, a prism array 41

is interposed as directionality regulating means, as dia-

grammed, instead of a lens array. This prism array 42

has a plurality of microprisms 42a formed two-dimen-

sionally on its incident side.

[0121] As with the lens array, it is desirable that the

5 size, height to apex, and pitch, etc., of the microprisms

42a be established so that there is very little total reflec-

tion of incident light by the boundary surfaces thereof,

and so that, to the extent possible, parallel light is emit-

ted toward the liquid crystal panels. By these means the

operational effectiveness gained is similar to what is

gained when the lens array described earlier is used.

[0122] A fifth embodiment will now be described, with

reference to Fig. 16 and 17. This embodiment concerns

improving the efficiency of light emissions from light

emitting units using organic EL elements.

[0123] The liquid crystal projector to which this em-
bodiment pertains employs the light emitting unit dia-

grammed in Fig. 16. This light emitting unit may be em-
ployed in a triple liquid crystal projector, or it may be em-
ployed in a single liquid crystal projector.

[0124] The light emitting unit diagrammed in Fig. 16

comprises a glass substrate 43 as the transparent sub-

strate, a light emitting film structure LT (consisting of a

transparent electrode layer 21 , a light emitting layer 22,

and a reflective electrode layer 23) laminated on the

glass substrate 43. In this configuration, on the emission

surface on the light-emission side of the glass substrate

43 is formed a lens array structure in which multiple

dome-shaped lenses 43a are arranged two-dimension-

ally. The pitch of this multiple lens array is optimized so

that it is extremely fine, and so that the emitted light is

emitted, to the extent possible, without complete reflec-

tion (cf. arrow A in the figure). To express this quantita-

tively, when in the lens array structure the thickness of

the glass substrate 43 is 1 mm and the pixel pitch for

the liquid crystal panel is P (where P = 33 jim, for ex-

ample), the radius of curvature of the lens 43a should

be 330 u.m and the lens pitch 4.5P (150 u,m, for exam-
ple); that is to say, a curvature and lens pitch in this

neighborhood are desirable.

[0125] Hence, with this lens array structure, for the

light emitted with the entirety of the light emitting layer

22 as a planar light source (the way in which light is emit-

ted is represented only in part in Fig, 16, for the sake of

clarity), there will be little total reflection over the whole

surface, as compared to the case of a glass substrate

20 having a fiat light-incident surface as diagrammed in

Fig. 17, In other words, the efficiency with which light is

emitted toward the liquid crystal panel 12R (12G, 12B)

will be sharply increased. Hence there will be less waste

in the light that is emitted, brightness will be high, a

bright screen picture is obtained, and display quality can

be enhanced.

[0126] It is also conceivable to form one large dome-
shaped lens over the entire light-emission surface of the

glass substrate 43 in Fig. 16. That would be disadvan-

tageous, however, in that the substrate would become
quite thick at the middle of the substrate surface, without
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total reflection being all that much reduced. Thus the

lens array structure described above is more suitable to

the present invention.

[0127] A modified form of this fifth embodiment is di-

agrammed in Fig. 1 8. In this modified form, a microprism

array 43b is employed instead of the microlens array

43a. The light emitting unit in this modified form also

comprises a glass substrate 43 as the transparent sub-

strate, and a light emitting film structure LT (consisting

of a transparent electrode layer 21 , a light emitting layer

22, and a reflective electrode layer 23) laminated on the

glass substrate 43.

[0128] In this configuration, a prism array structure in

which multiple triangular prisms 43b are arranged two-

dimensionally is formed on the light-emission surface on

the light-emission side of the glass substrate 43. The

pitch in this multiple-prism array is optimized so that it

is extremely fine and so that, to the extent possible, emit-

ted light can emerge without being totally reflected. Ac-

cordingly, the modified form of the fifth embodiment rep-

resented in Fig. 18 yields the same sort of emission ef-

ficiency as the structure diagrammed in Fig. 17.

[0129] A sixth embodiment will now be described, with

reference to Fig. 19 to 21. This embodiment concerns

a projection display apparatus that comprises light emit-

ting units which employ organic EL elements and ac-

commodate resonator structures, and it also concerns

improving thereby both the directionality of the light

emitting units themselves and the spectrum waveform.

[0130] In the liquid crystal projector to which this em-

bodiment pertains, as diagrammed in Fig. 19, a light

emitting unit 1 3R (1 3G, 1 3B) is positioned separately on

the back side of the liquid crystal panel 12R (12G, 12B).

The light emitting units 13R, 13G, and 13B, unlike those

described earlier, comprise resonator structures, which

latter have been under intense development in recent

years. Examples of such resonator structures that are

known include those disclosed in Technical ReportOME
94-79 of the Institute of Electronics, Information and

Communications Engineers (IEICE).

[0131] More specifically, the light emitting units 13R,

13G, and 13B, respectively, are formed by laminating,

onto a glass or other transparent substrate 50, a half-

mirror layer 51 consisting of a dielectric multi-layer film,

a spacer layer 52 consisting of a transparent dielectric

film such as Si02 , a transparent electrode layer 53 con-

sisting of a transparent electrically conductive film such

as ITO (indium tin oxide), a hole-injection layer 54 con-

sisting of an organic thin film that contributes to electric-

field light emission, a light emitting layer 55 consisting

of an organic thin film that emits light, and a reflective

electrode layer 56 consisting of a metallic film, in that

order, as diagrammed in Fig. 19. In this configuration,

the light emitting film structure LT is formed from the half-

mirror layer 51, spacer layer 52, transparent electrode

layer 53, hole-injection layer 54, light emitting layer 55,

and reflective electrode layer 56.

[01 32] Since a resonator is configured by the half-mir-

ror layer 51 and the reflective electrode layer 56, only

that light emitted by the light emitting layer 55 having

the wavelengths determined by the resonator length

(that is, the optical distance between the half-mirror lay-

5 er 51 and the reflective electrode layer 56) is resonated

and emitted to the outside with good efficiency. This

emitted light becomes the light that illuminates the liquid

crystal panels 12R, 12G, and 12B.

[0133] Almost none of the light components of other

10 wavelengths are emitted to the outside.

[0134] The resonator length that determines the light

emission wavelength in the middle of the spectrum can

be changed by altering the thicknesses of the spacer

layer 51 and transparent electrode layer 53. The reso-

15 nator length and light emitting layer material, etc., are

optimized according to which color the center light-emis-

sion wavelength is set to, that is, whether red, green, or

blue.

[0135] In Fig. 20 are plotted spectrum waveforms ob-

20 tained both when providing and when not providing the

light emitting unit 13R (13G, 13B) with the resonator

structure, as published in Applied Physics Letters, Vol.

68, pp. 2633-2635 (1996).

[0136] Compared to the curve "without resonator

25 structure," the curve "with resonator structure" exhibits

a narrower half band width and a sharper peak. There-

fore, by employing the resonator structure in the light

emitting unit 13R (13G, 13B), one can enhance the pu-

rity of the light (i.e. light of red, green, or blue color, re-

30 spectively) emitted from the light emitting unit itself.

Hence the quantity of superfluous wavelength compo-

nents outside of the desired wavelength is reduced, and

high-quality color displays are made possible.

[0137] Fig. 21, which appeared in the same pubiica-

35 tion, plots the directionality both when providing and

when not providing the light emitting units 1 3R, 1 3G, and

13B with the resonator structure. Compared to the di-

rectionality "without resonator structure," the direction-

ality "with resonator structure" is sharper in the direction

40 of the front surface of the light source. For this reason,

by providing the resonator structure, it is possible to ob-

tain pictures of high frontal brightness.

[0138] A seventh embodiment will now be described,

making reference to Fig. 22 to 26. This embodiment con-
45 cerns a mechanism forjudging degradation in light emit-

ting units that employ organic EL elements.

[0139] It is known that a light emitting unit which em-

ploys an organic EL element will gradually deteriorate,

as a natural phenomenon, as the total time that it has

50 been driven accumulates, and that the brightness there-

of will gradually decline. This decline is represented

qualitatively in Fig. 22. When brightness is plotted

against drive time, with both the vertical and horizontal

axes graduated logarithmically, as in Fig. 22, the decline

55 becomes roughly linear. Moreover, since the light emit-

ting layer structure of the organic EL element is ordinar-

ily driven with a constant current, the relationship be-

tween drive time and the voltage on the terminals of the

12
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light emitting layer structure can be represented quali-

tatively as in Fig. 23. In other words, as the drive time

increases and degradation advances, the terminal volt-

age gradually increases. The exact way in which these

property trends plotted in Fig. 22 and 23 change will dif-

fer according to the organic material used (i.e. the color

of light emitted).

[0140] The qualitative relationship between light-

emission brightness and the current applied to the or-

ganic EL element light emitting film structure is plotted

in Fig. 24. When this plot is made on vertical and hori-

zontal axes graduated logarithmically, as in Fig. 24, the

light-emission brightness will be seen to increase rough-

ly linearly relative to the current.

[0141] In view of these circumstances, in the liquid

crystal projector that is the projection display apparatus

to which this embodiment pertains, the measurement

and control circuitry diagrammed in Fig. 25 is connected

to the light emitting unit 13R (13G, 13B). A constant-

current supply 60 is connected between the electrodes

of the light emitting film structure LT of the light emitting

unit 13R (13G, 13B), providing a constant-current drive.

This constant-current source 60 is made so that the con-

stant-current value can be altered by control signals.

[0142] A voltmeter 61 is connected in order to meas-

ure the terminal voltage between these electrodes.

Measurement signals from this voltmeter 61 are con-

verted to digital values by an AID converter 62, and input

to a CPU 63. To the CPU 63 is connected both a LED
64 that notifies when it is time to replace a light emitting

unit and a D/A converter 65. The CPU 63 performs the

processing diagrammed in Fig. 26, turning the LED 64

on and off, while, at the same time, sending control sig-

nals via the D/A converter 65 to the constant-current

source 60 so as to control the constant-current value.

[0143] One example of a control operation of the CPU
63 is now described with reference to Fig. 26. This con-

trol operation is executed at set time intervals for each

color, by, for example, an interrupt routine once every

hour.

[0144] The CPU 63 first reads in the measured volt-

age value from the voltmeter 61 via the AID converter

62 (step S1). Then, referencing a table for the curve

shown in Fig. 23, it performs a reverse computation to

find the cumulative value of the drive time that corre-

sponds to the voltage value measured (step S2). Next,

referencing a table for the curve shown in Fig. 22, it per-

forms a reverse computation to find the brightness B
corresponding to the cumulative value of the drive time

(step S3).

[0145] Next the CPU 63 determines whether or not

the brightness B so found is equal to or still exceeds a

preset allowable brightness value B0 (step S4). If the

answer is NO, that is, if B < B0, then the brightness has

fallen below the allowable value and the color pictures

have darkened, so the LED 64 will be immediately light-

ed, giving notice that it would be better to replace the

light emitting unit (step S5).

[0146] Conversely, if the answer in step S4 is YES,
then the CPU 63 judges whether or not the color balance

between red, green, and blue is as set, based on bright-

ness values for the three colors (step S6). When the

5 color balance is not as set (NO), then the CPU 63 does

a reverse computation to determine the value of the

drive current needed to obtain the desired brightness,

referencing a table for the curve plotted in Fig. 24 (step

S8). Having done that, it sends control signals for ob-

10 taining that drive current value to the constant-current

source 60 via the D/A converter 65. In this way, the value

of the drive current is corrected, and the desired bright-

ness value for the color handled by the light emitting unit

13R (13G, 13B) is obtained.

15 [0147] By monitoring the voltage on the terminals of

the light emitting units in this manner, notification can be

made, automatically and accurately, when it is time to

replace the light emitting units, making maintenance

easier, and providing a continually bright picture. In ad-

20 dition, the color balance is automatically corrected from

the terminal voltage value, thus providing a continually

stable and high-quality picture.

[0148] In the processing diagrammed in Fig. 26 and

described in the foregoing, the reverse computations

25 pertaining to Fig. 22 through 24 need not necessarily

reference tables; instead, the configuration may be

made so that values are found by calculating from the

approximate curve (straight line). An even simpler tech-

nique may also be used, wherein, without exactly finding

30 the brightness value, the cumulative drive time sum is

found from the terminal voltage value, which cumulative

sum is compared against limiting values of drive times

determined through experience, enabling the useful life

of the light emitting layer to be determined more expe-

35 diently from the comparison results.

[0149] Moreover, it is also permissible to combine and

implement, as expedient, some of the configurations

and means of the several embodiments described in the

foregoing, and thereby further enhance the various ben-

40 efits described in the foregoing, such as achieving

smaller sizes and lighter weights in the overall liquid

crystal projector, obtaining pictures of high brightness,

and simplifying maintenance and inspection operations.

[0150] An eighth embodiment will now be described,

45 making reference to Fig. 27. This embodiment concerns
a light source and a method and apparatus for control-

ling the light source. Fig. 1 is a simplified cross-sectional

view of the configuration of the light source.

[0151] A light emitting unit 1 00 is configured such that

so a transparent electrode film 102 that forms the anode,

an organic light emitting layer 103, and a metallic elec-

trode film 104 that forms the cathode are sequentially

laminated onto a glass substrate 101 , and this is sealed

with a sealing substrate 105, The planar size of this light

55 emitting unit 100 will depend on the object that is to be

illuminated, but it may, for example, be made on the or-

der of 30 mm x 25 mm.
[0152] The sealing substrate 105 of the light emitting

13
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unit 100 is provided with a heat sink 106 with an inter-

vening layer of grease 109 exhibiting good thermal con-

ductivity. To the heat sink 106 is attached, across anoth-

er intervening layer of grease 109 exhibiting good ther-

mal conductivity, a flat-panel-shaped electronic cooling

element 1 07 which utilizes the Peltier effect. The sealing

substrate 105 that configures the light emitting unit 100

may also do double duty as the heat sink 106. The elec-

tronic cooling element 107 is air-cooled by a fan 108.

[01 53] A thermocouple is imbedded into the heat sink

106 to serve as a temperature sensor 110 to measure

the temperature of the heat sink. Something other than

a thermocouple, such as a thermistor, may be used as

the temperature sensor 110. Also, the temperature sen-

sor may be attached to the heat sink instead of being

imbedded in it.

[01 54] A temperature switch circuit can drive and con-

trol both a lighting switch 112 for lighting and extinguish-

ing, and a cooling switch 114 for supplying or cutting off

current to the electronic cooling element 107. The pos-

itive terminal of a DC power source 113 is connected to

the transparent electrode, while the negative terminal

thereof is connected via the lighting switch 112 to the

metal electrode film 104. The positive electrode of a DC
power supply 115 is connected directly to the electronic

cooling element 107 while the negative terminal thereof

is connected via the cooling switch 114 to the electronic

cooling element 107.

[0155] When DC voltage from the DC power supply

113 is applied to the transparent electrode film 102 and

the metal electrode film 104, the organic light emitting

layer 1 03 emits light, and the emitted light 1 1 6 is radiated

toward a glass substrate 101.

[0156] The organic light emitting layer 103 may be a

single layer or it may have a laminar structure made up

of an electron-transport carrying layer consisting of an

organic film, and an organic light emitting film.

[0157] A method of controlling the light source appa-

ratus is next described.

[0158] First is described a procedure for lighting an

organic EL planar light source for illuminating the body

to be illuminated.

[0159] Before lighting the light emitting unit 100, the

electronic cooling element 1 07 is first activated by clos-

ing the cooling switch 114. The electronic cooling ele-

ment 107, thereupon, driven by the DC power supply

115, gradually cools the heat sink 1 06 and the light emit-

ting unit 100.

[0160] The temperature of the heat sink 1 06 is moni-

tored by the temperature sensor 1 1 0. At the point in time

when the heat sink reaches a certain set temperature,

say 10°C, for example, the lighting switch 112 for the

organic EL planar light source is closed by the temper-

ature switch circuit 111.

[0161] By closing the lighting switch 112, electric pow-

er is supplied to the light emitting unit 100 from the DC
power source 113, and the light emitting unit 100 radi-

ates light.

[0162] If the light emitting unit 100 is lighted before it

has been adequately cooled, there will be a pronounced

rise in the temperature of the organic EL element, and

the organic EL element will begin to degrade in a short

5 time, with its brightness declining.

[0163] If, on the other hand, the organic EL element

is excessively cooled, dew will form on the front and side

surfaces of the organic EL element. This dew will alter

the radiation pattern of the emitted light, and cause

10 changes in the properties of the organic film which are

readily altered by moisture.

[0164] When the organic EL element is lighted, even

if the light emitting unit 100 is being cooled by the elec-

tronic cooling element 107, the temperature of the or-

15 ganic EL element will, due to the heat generated by the

organic EL element, reach a steady state at a tempera-

ture that is higher than the temperature of the heat sink

106, so that no dew forms on the light source.

[0165] Next is described a procedure for extinguish-

20 ing the organic EL planar light source in order to stop

illuminating the body being illuminated.

[0166] First of all, the current being supplied to the or-

ganic light emitting layer 103 configuring the light emit-

ting unit 100 is reduced, lowering the brightness of the

25 light being emitted.

[0167] Almost simultaneously with lowering the

brightness of the emitted light, the cooling switch 114 is

opened, stopping the supply of power to the electronic

cooling element 107 and so terminating cooling.

30 [0168] At this time, the current flowing through the or-

ganic light emitting layer 103 need only be enough to

make the organic light emitting layer shine slightly; the

light emitting unit 100 need only generate enough heat

to keep dew from forming on its surface.

35 [0169] If, at this juncture, a large current is passed

through the organic light emitting layer 103, the temper-

ature of the light emitting unit 100 will rise because the

cooling has been terminated, so that, as a result, func-

tional degradation ofthe light source will be accelerated.

40 [0170] At the point in time where the temperature of

the heat sink 106 has risen to a certain set temperature,

say 1 0°C, for example, the lighting switch 1 1 2 is opened,

terminating the supply of current to the organic light

emitting layer 103, and extinguishing the organic EL el-

45 ement.

[0171] When, instead of implementing the procedure

just described, the light emitting unit 100 is extinguished

simultaneously with terminating the electronic cooling

element 107, the heat sink 106 will still be cold, and the

so generation of heat by the light emitting element 100 has

been terminated, so the organic EL element will be

chilled and dew will form on it.

[0172] Instead of the grease 109 that is interposed be-

tween the heat sink 106 and the sealing substrate 105

55 of the light emitting unit 1 00 in the light source configu-

ration in this embodiment, it is possible to interpose a

sheet exhibiting high thermal conductivity. When this is

done, it becomes easy to remove the organic EL planar

14
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light source 100 from the heat sink 106, thus making it

easy to replace the organic EL planar light source 100.

[0173] A ninth embodiment will now be described,

making reference to Fig. 28. This embodiment concerns

the application of the eighth embodiment to a projection

display apparatus. Fig. 28 is a simplified cross-sectional

view of the main optical systems that configure a pro-

jection display apparatus.

[0174] With respect to this projection display appara-

tus, configurational elements that are the same as or

similar to those explained in connection with the first em-

bodiment are indicated by the same reference charac-

ters, while, with respect to the apparatus for implement-

ing the control method for the light source apparatus,

those configurational elements that are the same as or

similar to those explained in connection with the eighth

embodiment are indicated by the same reference char-

acters, and the description thereof is either omitted or

abridged. The same applies to descriptions for the tenth

and subsequent embodiments herein.

[0175] The images displayed on the red-displaying

liquid crystal panel 1 2R that displays red component im-

ages, on the green-displaying liquid crystal panel 12G

that displays green component images, and on the blue-

displaying liquid crystal panel 12B that displays blue

component images are combined by the dichroic prism

15, then enlarged by the projection lens 16 and dis-

played on the screen 17.

[0176] In the interest of clarity, the structures of the

liquid crystal panels and projection lens are not drawn,

but those components are depicted as blocks.

[0177] Either a reflective or a transmissive screen can

be employed for the screen 17.

[0178] The red-displaying liquid crystal panel 12R is

illuminated by a red-light emitting unit 100R that emits

red light and that is positioned at its back. The light emit-

ting unit 100R has the structure diagrammed in Fig. 27,

for example, and is cooled by a cooling mechanism that

comprises a heat sink 106, electronic cooling element

107, and fan 108, as shown in the same Fig. 27. In Fig.

28, in the interest of clarity, the grease, temperature sen-

sor, and temperature switch circuit depicted in Fig. 28

are omitted, but the control method described in con-

nection with the eighth embodiment is used to start and

stop the electronic cooling element 107, and to control

the lighting and extinguishing of the organic EL planar

light source.

[0179] Similarly, forthe green-displaying liquid crystal

panel 12G and the blue-displaying liquid crystal panel

12B, a green-light emitting unit 100G that emits green

light is positioned at the back of the green-displaying

liquid crystal panel 12G, and a blue-light emitting unit

100B that emits blue light is positioned at the back of

the blue-displaying liquid crystal panel 12B, and the re-

spective organic EL planar light sources therefor are

cooled by a cooling mechanism like the one described

in connection with the eighth embodiment.

[0180] A tenth embodiment will now be described,

making reference to Fig, 29. This embodiment concerns

a light source and a method and apparatus for control-

ling the light source. Fig. 29 is a simplified cross-sec-

tional view of the configuration of the light source.

5 [0181] Except insofar as the position of the tempera-

ture sensor 1 1 0 is different than it is in the configuration

of the light source in the eighth embodiment dia-

grammed in Fig. 27, all of the configurational elements

are the same.
10 [0182] The temperature of the light emitting unit 100

is detected by the temperature sensor 110, and a tem-

perature switch circuit 111 is provided which, in re-

sponse to that temperature, controls either the lighting

switch 112 for the light emitting unit 100 or the cooling

15 switch 114 for the electronic cooling element 107.

[0183] The light source control method is described

next.

[0184] First, the procedure used when lighting the or-

ganic EL element in order to illuminate the body to be

20 illuminated is described.

[0185] Before lighting the light emitting unit 100, the

electronic cooling element 107 is first activated. The

electronic cooling element 107 is driven by the DC pow-

er supply 115, whereupon it gradually cools the heat sink

25 106 and the light emitting unit 100.

[0186] The temperature of the tight emitting unit 100

is monitored by the temperature sensor 110. When the

temperature of the light emitting unit 100 reaches a cer-

tain set temperature, say 10°C, for example, the lighting

30 switch 112 is closed by the temperature switch circuit

111.

[0187] By closing the lighting switch 112, power is

supplied from the DC power supply 1 1 3 to the light emit-

ting unit 100 and the tight emitting unit 100 radiates light.

35 [0188] Next is described a procedure for extinguish-

ing the organic EL element in order to stop illuminating

the object being illuminated.

[0189] First of all, the current being supplied to the or-

ganic light emitting layer 103 configuring the light emit-

40 ting unit 100 is reduced, lowering the brightness of the

iight being emitted.

[0190] Almost simultaneously with lowering the

brightness of the emitted tight, the cooling switch 114 is

opened, stopping the supply of power to the electronic

45 cooling element 107 and so terminating cooling. At this

time, the current flowing through the organic light emit-

ting layer 103 need only be enough to make the organic

light emitting layer shine slightly; the organic EL element

need only generate enough heat to keep dew from form-

so ing on the surface of the iight emitting unit 100.

[0191] After cooling has been terminated, the heat

sink 1 06 will still be cooling the light emitting unit 1 00 for

a little while, but when the temperature of the heat sink

106 begins to rise, the temperature of the light emitting

55 unit 100 will also begin to rise.

[0192] At the point in time when the temperature of

the tight emitting unit 100 has risen to a certain set tem-

perature, say 10°C, for example, the lighting switch 112

15
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will be opened, the supply of current to the organic light

emitting layer 103 will be stopped, and the organic EL
element will be extinguished.

[0193] In the eighth and tenth embodiments, the tem-

perature sensor was attached either to the heat sink or

to the organic EL element, that is, to only one of the two.

It is also possible, however, to attach it to both, and thus,

while monitoring the temperatures of both the heat sink

and the organic EL element, to control the timing of the

initiation and termination of cooling, and of lighting and

extinguishing the organic EL element.

[0194] An 11th embodiment will now be described.

This embodiment concerns the application of a control

apparatus for a light source apparatus in a projection

type liquid crystal display apparatus.

[0195] In other words, the 11th embodiment is the ap-

plication of the tenth embodiment to a projection display

apparatus.

[0196] A 12th embodiment will now be described,

making reference to Fig. 30. This embodiment concerns
a light source and a method and apparatus for control-

ling the light source. Fig. 30 is a simplified cross-sec-

tional diagram of the configuration of a light source.

[0197] In this configuration, the temperature sensor

110 and the temperature switch circuit 111 in the light

source of the eighth embodiment diagrammed in Fig. 27

are removed, and in their place a timer circuit 121 is pro-

vided. The other configu rational elements, that is, the

light emitting unit 100, heat sink 106, electronic cooling

element 107, and fan 1 08 are the same as in the eighth

embodiment.

[0198] The timer circuit 121 controls the lighting

switch 112 of the light emitting unit 100 or the cooling

switch 114 of the electronic cooling element 107.

[0199] A light source control method is now de-

scribed.

[0200] A procedure is first described for lighting the

organic EL planar light source in order to illuminate the

object to be illuminated.

[0201] Before lighting the light emitting unit 100, the

electronic cooling element 107 is first activated by clos-

ing the cooling switch 114. The electronic cooling ele-

ment 1 07 is driven by the DC power supply 115, and the

heat sink 106 and organic EL planar light source 100

are gradually cooled.

[0202] The timer circuit 121 begins measuring

elapsed time from the moment the cooling switch 114 is

closed. At the point in time when some set time has

elapsed since the closing of the cooling switch 114, the

lighting switch 112 that is connected to the light emitting

unit 100 is closed.

[0203] By closing the lighting switch 112, power is

supplied to the light emitting unit 1 00 from the DC power

supply 113, and the light emitting unit 100 radiates light.

[0204] By measuring beforehand the variation in the

temperature of the light emitting unit 100 from the start

of cooling, the time that it takes for the temperature of

the light emitting unit 100 to reach a certain set temper-

ature after the cooling switch 114 is closed can be found.

Based on that time, it is possible to set the time from the

dosing of the cooling switch 114 to the closing of the

lighting switch 112.

5 [0205] Next, a procedure for extinguishing the light

emitting unit 100 in order to stop illuminating the object

being illuminated will be described.

[0206] First of all, the current being supplied to the or-

ganic light emitting layer 103 configuring the light emit-

10 ting unit 100 is reduced, lowering the brightness of the

light being emitted.

[0207] Almost simultaneously with lowering the

brightness of the emitted light, the cooling switch 114 is

opened, stopping the supply of power to the electronic

cooling element 107 and so terminating cooling.

[0208] At the point in time where some set time inter-

val has elapsed since the opening of the cooling switch

114, the lighting switch 112 connected to the light emit-

ting unit 100 is opened, and the light emitting unit is ex-

tinguished.

[0209] By measuring beforehand the change in the

temperature of the organic EL element after the termi-

nation of cooling, it is possible to determine the time that

it takes for the organic EL element to reach some set

temperature after the opening of the cooling switch 114

and the termination of cooling. Based on this time peri-

od, it is possible to set the time from the opening of the

cooling switch 114 to the opening of the lighting switch

112.

[0210] In the configuration of the light source in this

embodiment, instead of the grease 109 interposed be-

tween the heat sink 106 and the sealing substrate 105

of the light emitting unit 100, it is possible to interpose

a sheet exhibiting high thermal conductivity. When that

is done, it becomes easy to remove the heat sink 106

from the light emitting unit 1 00, making it easy to replace

the light emitting unit 100.

[0211] A 13th embodiment will now be described. This

embodiment concerns the application of the 12th em-
bodiment to a projection display apparatus.

[0212] In the 13th embodiment, in other words, an ex-

ample is described wherein the 12th embodiment is ap-

plied to the projection display apparatus diagrammed in

Fig. 28.

[0213] In the foregoing, descriptions have been given

forthe light source apparatuses and forthe methods and
apparatuses for controlling the light source apparatuses

of the present invention, together with descriptions of

display apparatuses in which those control methods and
apparatuses are applied.

[0214] it is possible to conceive of many different con-

figurations and control methods for shifting the timing of

the lighting of the light source apparatus and the timing

of cooling in order to sufficiently cool the organic EL el-

ements while suppressing the formation of dew on the

organic EL elements, which is a main object of the

present invention. For example, one can conceive of a

configuration and control method wherein both a timer
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circuit and a temperature switch circuit are provided,

wherein the temperature switch circuit is employed

when lighting an organic EL element and the timer circuit

is employed when extinguishing it.

[021 5] It is also possible to provide a humidity sensor,

and to vary either the set temperature or the set time

according to the humidity.

[0216] The industrial potential ofthe present invention

will now be discussed.

[0217] By implementing the projection display appa-

ratus of the present invention, as described in the fore-

going, it is possible to employ organic EL elements as

iight emitting layers, to provide cooling means therefor,

attachment means permitting free attachment and de-

tachment, means for regulating the directionality of the

emitted light, means for raising the efficiency of the emit-

ted light, and means for automatically determining the

useful life, and to employ a resonator structure, where-

fore a projection display apparatus can be provided in

which light emitting units based on organic EL elements

are employed, which is iight in weight, small in size, and

capable of practical implementation, and which over-

comes problems that are very difficult to overcome with

the prior art.

[0218] In particular, by installing cooling means com-

prising electronic cooling elements or heat-radiating fins

in the light emitting units, it is possible to suppress deg-

radation in light-emission performance caused by heat

generated by the organic EL elements, thereby extend-

ing useful life, stabilizing brightness, and continually se-

curing maximum brightness.

[0219] Also, by providing attachment means for at-

taching the light emitting units to the base on which the

liquid crystal panels and light emitting units are mount-

ed, so that they may be freely attached or detached, it

is possible to make the light emitting units comprising

organic EL elements to be individually independent, and

to easily replace them in conditions wherein their elec-

trical connections and optical positions are definitely se-

cured. Thus the replacement operation is made more

efficient and maintenance and inspection are simplified.

[0220] Furthermore, by measuring the terminal volt-

age across the electrodes of the light emitting film struc-

ture, determining the life expectancy of the light emitting

film structure from that terminal voltage value, and,

when the useful life is judged to have expired, announc-

ing that fact, it is easy to determine when it is time to

replace the light emitting units, and thereby to insure

high quality picture displays and facilitate maintenance

and inspection.

[0221] Moreover, by providing directionality-regulat-

ing means such as lens arrays or prism arrays to regu-

late the directionality of the light emitted from the light

emitting units so that it faces the liquid crystal panels,

the directionality of the light incident on the liquid crystal

panels from the light emitting units comprising organic

EL elements can be improved, the efficiency of light in-

cidence on the liquid crystal panels can be enhanced,

and pictures exhibiting high stabilized brightness can be

presented.

[0222] Furthermore, by integrally forming microlens

arrays or microprism arrays on the light-emission sur-

5 faces of the transparent substrates of the light emitting

units, it is possible to raise the light-emission efficiency

from the light emitting units comprising organic EL ele-

ments, and thus to present pictures exhibiting high sta-

bilized brightness.

10 [0223] Moreover, by providing, in the light emitting lay-

er structures of the light emitting units, resonator struc-

tures that selectively resonate and emit light of specific

wavelengths, the directionality and efficiency of light in-

cident on the liquid crystal panels can be sharply im-

15 proved.

[0224] The light source apparatuses according to the

present invention comprise organic EL elements and

cooling mechanisms for cooling them, and either tem-

perature sensors attached to the organic EL elements

20 or to cooling means, or, alternatively, timers, so that the

organic EL elements can be controlled in a cooled state

using the cooling means.

[0225] The method of controlling the light source ap-

paratus of the present invention, furthermore, is charac-

25 terized by the fact that the timing both of cooling starting

and stopping and of lighting and extinguishing the or-

ganic EL planar light sources is shifted, either by moni-

toring the temperature of the organic EL elements with

temperature sensors, or by means of timers. Thus it is

30 possible to sufficiently cool the organic EL elements

while suppressing the formation of dew thereupon, so

that degradation in the organic EL elements can be sup-

pressed and their useful life extended.

[0226] The control apparatus for the light source ap-

35 paratus of the present invention, moreover, is charac-

terized by the fact that it controls the timing both of cool-

ing starting and stopping and of lighting and extinguish-

ing the organic EL planar light sources, either by moni-

toring the temperature of the organic EL elements with

40 temperature sensors, or by means of timers.

[0227] Thus it is possible to sufficiently cool the organ-

ic EL elements while suppressing the formation of dew
thereupon, so that degradation in the organic EL ele-

ments can be suppressed and their useful life extended.

45 [0228] Furthermore, if the method and the apparatus

for controlling the light source apparatus of the present

invention is implemented, the display apparatus of the

present invention can be made significantly smaller than

a display apparatus which uses an electric discharge

50 lamp as the light source.

Claims

55 1. A projection display apparatus comprising:

transmissive liquid crystal panels (12R, 12G,

12B) that display images;

17
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light source units (13R, 13G, 13B) that are po-

sitioned atone side of said liquid crystal panels

(12R, 12G, 12B) and that comprise light emit-

ting units provided with organic electrolumines-

cence (EL) elements as light emitting layers 5

(22) and cooling means (14R, 14G, 14B) pro-

vided in said light emitting units for radiating

heat generated by said light emitting units; and

a projection lens (16) positioned in front of said

liquid crystal panels (12R, 12G, 12B)forenlarg- 10

ing images displayed on said liquid crystal pan-

els and projecting them onto a screen (17);

characterised in that said cooling means
comprise:

15

cooling bodies (31 R, 31 G, 31 B) comprising

heat-dispersing fin units (25) that are posi-

tioned at the external side of reflective elec-

trode layers (23) positioned at the other

side of said light emitting layers (22) and 20

that guide and disperse said generated

heat;

sealing substrates (33) for sealing portions

of light emitting film structures containing

said reflective electrode layers; and 25

said sealing substrates (33) and said cool-

ing bodies forming integrated structures.

A projection display apparatus comprising:

30

transmissive liquid crystal panels (12R, 12G,

12B) that display images;

light source units (13R, 13G, 13B) that are po-

sitioned at one side of said liquid crystal panels

(12R f 12G, 12B) and that comprise light emit- 35

ting units provided with organic electrolumines-

cence (EL) elements as light emitting layers

(22) and cooling means (14R
t 14G, 14B) pro-

vided in said light emitting units for radiating

heat generated by said light emitting units; and *o

a projection lens (16) positioned in front of said

liquid crystal pane! for enlarging images dis-

played on said liquid crystal panels and project-

ing them onto a screen (17); characterised in

that said cooling means comprise cooling bod- 45

ies (31 R, 31 G, 31 B) comprising heat-dispers-

ing fin units (25) that are positioned at the ex-

ternal side of reflective electrode layers (23) po-

sitioned at the other side of said light emitting

layers and that guide and disperse heat <> gen- so

erated by said light emitting units, the surfaces

of the heat-dispersing fin units (25) are formed

so that the fin unit centers (CT) thereof exhibit

a greater surface area than the ends thereof.

55

The projection display apparatus according to claim

1 or claim 2, wherein said organic EL elements are

elements that generate white light.

4. The projection display apparatus according to claim

1 or claim 2, wherein said liquid crystal panels (12R,

12G, 12B) comprise three liquid crystal panels that

separately display images in red components,

green components, and blue components, said or-

ganic EL elements comprising three organic EL el-

ements that separately generate red, green, and
blue light, exhibiting a structure wherein a dichroic

prism (15) is interposed in the optical path between
said three liquid crystal panels (12R, 12G, 12B) and
said projection lens (16).

5. The projection display apparatus according to any
one of claims 1 to 4 comprising:

attachment means for attaching said light emit-

ting units, such that they can be freely attached

and detached, to at least the portions of a base

on which are mounted said liquid crystal panels

and said light emitting units.

6. The projection display apparatus according to claim

5, wherein said light emitting units comprise: boards

that mount both electrode layers that sandwich said

light emitting layers and terminals that are electri-

cally connected to said electrode layers, while said

attachment means comprise both connectors that

plug terminal units into said base portions, such that

they can be freely plugged and unplugged, said ter-

minal units having mounted in them the terminals

of said boards, and guides that guide said boards

in the direction of connector plug-in, when said ter-

minal units of said boards are inserted into said con-

nectors.

Patentanspruche

1. Projektionsanzeigevorrichtung, umfassend:

durchlassige Flussigkristalltafeln (12R, 12G,

12B), die Bilder anzeigen;

Lichtquelleneinheiten (13R, 13G, 13B), die an

einer Seite der Flussigkristalltafeln (12R, 12G,

12B) angeordnet sind und lichtemittierende

Einheiten, die mit organischen Elektrolumines-

zenzelementen (EL-Elementen) als lichtemit-

tierende Schichten (22) versehen sind, sowie

Kuhlmittel (14R, 14G, 14B) umfassen, die in

den lichtemittierenden Einheiten vorgesehen

sind, um die durch die lichtemittierenden Ein-

heiten erzeugte Warme abzufuhren; und

eine Projektionslinse (16), die vor den Flussig-

kristalltafeln (12R, 12G, 12B) positioniert ist,

um die auf den Flussigkristalltafeln angezeig-

ten Bilder zu vergrofcern und diese auf einen

Bildschirm (17) zu projizieren;

18
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dadurch gekennzeichnet, dass die Kuhtmit-

tel umfassen:

Kuhlkorper (31 R, 31 G, 31B)
t
die Kuhlrippen-

einheiten (25) umfassen, die an der Auftenseite 5

von reflektierenden Elektrodenschichten (23)

angeordnet sind, die an der anderen Seite der

lichtemittierenden Schichten (22) angeordnet

sind, und die die erzeugteWarme leiten und ab-

fuhren; 10

Dichtungssubstrate (33) zum Abdichten der

Abschnitte der lichtemittierenden Schichtstruk-

turen, die die reflektierenden Elektroden-

schichten enthaiten; wobei

die Abdichtungssubstrate (33) und die Kuhlkor- 15

per integrierte Strukturen bilden.

2. Projektionsanzeigevorrichtung, umfassend:

durchlassige Flussigkristalltafeln (12R, 12G
(

20

12B), die Bilder anzeigen;

Lichtquelleneinheiten (13R, 13G, 13B), die an

einer Seite der FIQssigkristalltafeln (12R, 12G
f

12B) angeordnet sind und lichtemittierende

Einheiten, die mit organischen Elektroiumines- 25

zenzelementen (EL-EIementen) als lichtemit-

tierende Schichten (22) versehen sind, sowie

Kuhlmittel (14R, 14G, 14B) umfassen, die in

den lichtemittierenden Einheiten vorgesehen

sind, urn die durch die lichtemittierenden Ein- 30

heiten erzeugte Warme abzufuhren; und

eine Projektionslinse (16), die vor der Flussig-

kristalltafel angeordnet ist, urn die auf den Flus-

sigkristalltafeln angezeigten Bilder zu vergro-

liern und diese auf einen Bildschirm (17) zu 35

projizieren;

dadurch gekennzeichnet, dass

die Kuhlmittel Kuhlkorper (31 R, 31 G, 31 B) urn- 40

fassen, die Kuhlrippeneinheiten (25) umfas-

sen, die an der Aufienseite von reflektierenden

Elektrodenschichten (23) angeordnet sind, die

an der anderen Seite der lichtemittierenden

Schichten angeordnet sind, und die die von den 45

lichtemittierenden Einheiten erzeugte Warme
leiten und abfuhren, wobei die Oberflachen der

Kuhlrippeneinheiten (25) so geformt sind, dass

deren Rippeneinheitsmitten (CT) eine groliere

Oberfiache aufweisen als deren Enden. so

3. Projektionsanzeigevorrichtung nach Anspruch 1

oder Anspruch 2, bei der die organischen EL-Ele-

mente Elemente sind, die weifces Licht erzeugen.
55

4. Projektionsanzeigevorrichtung nach Anspruch 1

oder Anspruch 2, bei der die Flussigkristalltafeln

(12R, 12G t 12B) drei Flussigkristalltafeln umfas-

sen, die Bilder in roten Komponenten, grunen Kom-
ponenten und blauen Komponenten getrennt anzei-

gen, wobei die organischen EL-Elemente drei orga-

nische EL-Elemente umfassen, die getrennt rotes,

grunes und blaues Licht erzeugen, wodurch sich ei-

ne Struktur ergibt, bei der ein dichroitisches Prisma

(15) in den optischen Weg zwischen den drei Flus-

sigkristalltafeln (12R, 12G, 12B) und der Projekti-

onslinse (16) eingesetzt ist.

5. Projektionsanzeigevorrichtung nach irgendeinem

der AnsprQche 1 bis 4, umfassend:

ein Befestigungsmittel zum Befestigen der lich-

temittierenden Einheiten, so dass diese wenig-

stens an den Abschnitten einer Basis, an der

die Flussigkristalltafeln und die lichtemittieren-

den Einheiten montiert sind, frei angebracht

und abgenommen werden konnen.

6. Projektionsanzeigevorrichtung nach Anspruch 5,

bei der die lichtemittierenden Einheiten umfassen:

Platten, die sowohl die Elektrodenschichten, die die

lichtemittierenden Schichten sandwich-artig auf-

nehmen, als auch Anschlusse halten, die mit den

Elektrodenschichten elektrisch verbunden sind,

wahrend die Anbringungsmittel sowohl Verbinder,

die die Anschlusseinheiten in die Basisabschnitte

stecken, so dass diese frei eingesteckt und ausge-

steckt werden konnen, wobei in den Anschlussein-

heiten die Anschlusse der Platten montiert sind, ais

auch Fuhrungen umfassen, die die Platten in Rich-

tung des Einsteckens des Verbinders fuhren, wenn
die Anschlusseinheiten der Platten in die Verbinder

eingesetzt werden.

Revendications

1. Appareil d'affichage et de projection d'images,

comprenant

:

des panneaux d'affichage transmissifs a cris-

taux liquides (12R, 12G, 12B)qui affichentdes

images
;

des unites de source lumineuse (13R, 13G,

13B) qui sont agencees au niveau d
fun cote

desdits panneaux a cristaux liquides (12R,

1 2G, 1 2B) et qui comprennent des unites emet-

tant de la lumiere pourvues d'elements a elec-

troluminescence organique (EL) comme des

films emettant de la lumiere (22), et des

moyens de refroidissement (14R, 14G, 14B)

prevus dans lesdites unites emettant de la lu-

miere dans le but de faire rayonner la chaleur

generee par lesdites unites emettant de la

lumiere ; et

une lentille de projection (1 6) disposee a I'avant
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desdits panneaux a cristaux liquides (12R,

12G, 12B) dans le but d'agrandir les images af-

fichees sur lesdits panneaux a cristaux liquides

et de les projeter sur un ecran (1 7) ; caracteri-

se en ce que lesdits moyens de refroidisse- 5

ment comprennent

:

des corps de refroidissement (31 R, 31G
t

31 B) comprenant des unites d'ailettes de

dispersion de chaleur (25) qui sont agen- 10

cees au niveau du cote exterieur de cou-

ches d'eiectrodes reflexives (23) dispo-

sees au niveau de I'autre cote desdits films

emettant de la Iumiere (22), et qui guident

et dispersent ladite chaleur generee ;
15

des substrats de scellement (33) pour scel-

ler de facon etanche des parties des struc-

tures de fiim emettant de la Iumiere conte-

nant lesdites couches d'eiectrodes

reflexives ; et 20

lesdits substrats de scellement (33) et les-

dits corps de refroidissement formant des

structures integrees,

2. Appareil d'affichage et de projection d'images, 25

comprenant

:

des panneaux d'affichage transmissifs a cris-

taux liquides (12R, 12G, 12B)qui affichentdes

images ;
30

des unites de source lumineuse (13R, 13G,

13B) qui sont agencees au niveau d'un cote

desdits panneaux a cristaux liquides (12R,

12G, 12B) etqui comprennent des unites emet-

tant de la Iumiere pourvues d'elements a elec- 35

troluminescence organique (EL) comme des

films emettant de la Iumiere (22), et des

moyens de refroidissement (14R, 14G, 14B)

prevus dans lesdites unites emettant de la Iu-

miere dans ie but de faire rayonner la chaleur 40

generee par lesdites unites emettant de la

Iumiere ; et

une lentille de projection (1 6) disposee a I'avant

desdits panneaux a cristaux liquides (12R,

12G, 12B) dans le but d'agrandir les images af- 45

fichees sur lesdits panneaux a cristaux liquides

et de les projeter sur un ecran (17) ; caracteri-

se en ce que lesdits moyens de refroidisse-

ment comprennent

:

50

des corps de refroidissement (31 R, 31 G,

31 B) comprenant des unites d'ailettes de

dispersion de chaleur (25) qui sont agen»

cees au niveau du cote exterieur de cou-

ches d'eiectrodes reflexives (23) dispo- 55

sees au niveau de I'autre cote desdits films

emettant de la Iumiere, et qui guident et

dispersent la chaleur generee par lesdites

unites emettant de la Iumiere, les surfaces

des unites d'ailettes de dispersion de cha-

leur (25) sontformees de telle sorte que les

centres des unites d'ailettes (CT) presen-

ted une zone de surface plus large que les

extremites de celles-ci.

3. Appareil d'affichage et de projection d'images selon

la revendication 1 ou la revendication 2, dans lequel

lesdits elements a electroluminescence organique

sont des elements qui generent une Iumiere blan-

che.

4. Appareil d'affichage et de projection d'images selon

ia revendication 1 ou la revendication 2, dans lequel

lesdits panneaux a cristaux liquides (12R, 12G,

12B) comprennent trois panneaux a cristaux liqui-

des qui affichent les images en tant que des com-

posants de couleur rouge, des composants de cou-

leur verte et des composants de couleur bieue,

separement ; lesdits elements a electrolumines-

cence organique comprenant trois elements a elec-

troluminescence organique qui generent une Iumie-

re rouge, une Iumiere verte et une Iumiere bieue,

separement, presentant une structure dans laquel-

ie un prisme dichroTque (15) est place de facon in-

termediate dans la trajectoire optique entre lesdits

trois panneaux a cristaux liquides (12R, 12G, 12B)

et ladite lentille de projection (16).

5. Appareil d'affichage et de projection d'images selon

I'une quelconque des revendications 1 a 4,

comprenant

:

des moyens de fixation pour fixer lesdites uni-

tes emettant de la Iumiere, de maniere a ce

qu'elles puissent etre librement fixees et deta-

chees, au moins aux parties d'une base sur la-

quelle sont montes lesdits panneaux a cristaux

liquides et lesdites unites emettant de la Iumie-

re.

6. Appareil d'affichage et de projection d'images selon

la revendication 5, dans lequel lesdites unites emet-

tant de la Iumiere comprennent : des plaques sur

lesquelles sont montees les deux couches d'eiec-

trodes qui prennent en sandwich lesdits films emet-

tant de la Iumiere et des bornes qui sont connectees

par des moyens electriques aux dites couches

d'eiectrodes, tandis que lesdits moyens de fixation

comprennent les deux connecteurs qui permettent

de brancher les unites de bornes dans lesdites par-

ties de la base, de maniere a ce qu'elles puissent

etre librement branchees et debranchees ; lesdites

unites de bornes comportant, montees en elles, les

bornes desdites plaques, et des guides qui guident

lesdites plaques dans la direction de raccordement

du connecteur, lorsque lesdites unites de bornes

20
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desdites plaques sont introduces dans lesdits con-

necteurs.
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